Objective: Peanut consumption may improve lipid profiles without promoting weight gain. Both properties have been attributed to their high-unsaturated fat content. Mono and polyunsaturated fatty acids reportedly hold stronger satiety value than saturated fats and may help appetite control. This study investigated the effects of chronic peanut oil consumption on appetite and food choice. Research methods and procedures: A total of 129 healthy adults from three countries (Brazil, Ghana and US) were randomly assigned to one of four treatment arms: consumption of peanut oil, olive oil or safflower oil as 30% of individual resting energy expenditure (REE) for 8 weeks or no dietary intervention. Participants received no other dietary guidance. They completed appetite questionnaires eliciting information about hunger, fullness, desire to eat, and prospective consumption during all waking hours for 1 day at weeks 2 and 6 and for 1 or 3 days at weeks 0, 4 and 8. Diet records were completed at weeks 0, 4 and 8. Results: No differences in appetitive ratings were observed over the 8-week trial. There were no significant treatment by time interactions. Total caloric intake was significantly higher at week 8 relative to baseline (F ¼ 10.08, Po0.05). The increases for each treatment were: peanut oil ¼ 1977114; olive oil ¼ 2377121; safflower oil ¼ 274790; control ¼ 75771. Free-feeding intake, an index of dietary compensation, was reduced significantly at weeks 4 and 8 compared to baseline (F ¼ 9.08, Po0.00). The declines (compensation scores) were (kcals): peanut oil ¼ À2087105 (46%); olive oil ¼ À2357105 (50%); safflower oil ¼ À1867102 (44%). There were no significant differences across countries in appetite ratings. Discussion: A prior intervention with whole peanuts reported a dietary compensation score of 66% over 8 weeks, this compares to a 46% compensation score observed with peanut oil. Our data suggests that the lipid fraction in peanuts elicits a weak effect on satiety.
Introduction
Data from multiple epidemiological studies including the Adventist Health Study, 1 Nurses Health Study, 2 Iowa Women's Health Study 3 and the Physicians Health Study 4 reveal an inverse relationship between the frequency of nut consumption and cardiovascular disease risk. With a cohort of 26 473 subjects, the Adventist Health Study was the first to report a statistically significant inverse relation between frequency of nut consumption and body mass index (BMI). In the Nurses Health Study, women who rarely consumed nuts had a BMI of 24.8 kg/m 2 compared to 23.4 kg/m 2 for women consuming nuts more than five times per week. Intervention trials [5] [6] [7] [8] [9] provide additional support for an inverse relationship between nut consumption and both lipid profiles and BMI. In 2003, the Food and Drug Administration approved a qualified health claim for nuts stating that 'Scientific evidence suggests, but does not prove that eating 1.5 ounces of most nuts per day as part of a diet low in saturated fat and cholesterol may reduce the risk of heart disease'. Peanuts are among the nine nuts identified in the health claim. Food disappearance data from 1990 to 1997 indicate that peanuts -as peanut butter, confections and whole peanuts account for 68% of total nut consumption, making them the most widely consumed nut in the United States. 10 As a result of its high-energy density, fat has been implicated in the positive energy balance leading to overweight and obesity globally. Nuts are a rich source of fat, consequently, their role in a healthful diet has been questioned. However, for multiple reasons, severe restriction of fat may not be advisable. For example, inclusion of highfat foods, including peanuts, on an energy restricted diet results in improved compliance, weight loss and increased vegetable consumption. 11 While inclusion of nuts in an energy-controlled diet reportedly does not compromise weight loss, the influence of nut consumption on body weight in free-living, nondieting individuals is less well studied. In a recent intervention, 8 participants were provided 500 (7136) kcals of whole peanuts with no dietary guidance for 8 weeks. Nonsignificant changes in body weight were observed due, in part, to dietary compensation for 66% of the energy from the peanuts. Peanuts are rich in protein (26% by weight) and dietary fiber (8.5%) and these components hold satiety effects that may moderate intake. 8 The largest energy component of peanuts is their lipid fraction (49%) which is predominantly (40%) unsaturated fat. Evidence both from human and animal studies suggest that mono and polyunsaturated fatty acids are more readily oxidized than saturated fats and may be more satiating. 12, 13 Among unsaturated oils, MUFA are oxidized in preference to PUFA and may have stronger satiety effects. Therefore, a hypothesized candidate for the strong satiety effect of peanuts is its fatty acid content. However, there has been only limited study on the satiety effects of oils with varying composition or oils of similar fatty acid composition but different origin (e.g., peanut versus safflower oils which are predominantly MUFA and PUFA, respectively or peanut and olive oil, both rich sources of MUFA). Peanut oil is widely consumed in the US and holds greater nutritional significance in selected developing countries. Thus, its contribution to energy balance and total diet quality requires clarification. Further, contrasting effects of peanut consumption cross-culturally provides an opportunity to differentiate environmental versus physiological effects of oil consumption. This study investigated the effect of chronic peanut oil consumption on appetite and food choice in three countries -Ghana, Brazil, and the US.
Methods

Subjects
A total of 129 healthy adults (63 male and 66 female), age 2474 years (mean7s.d.) were recruited from three countries Brazil, Ghana, and the US (Table 1) . Subjects were of normal weight and body composition (mean BMI 2272.5, body fat (%) 13.476.9). There were no significant differences of BMI across countries. Body weight was stable (change of o2.26 kg within the last 6 months). They were not taking medications known to influence study variables. All subjects were nonsmokers with no peanut allergy. They controlled the purchase of at least half of their ingested food and obtained 30% or more of their energy from dietary fat.
Additionally, participants evaluated experimental shakes containing the test oils during screening. Shakes were evaluated on a 13 point hedonic scale, with one being least palatable and 13 being most palatable. A score of 7 or above was required for eligibility. Only participants that rated four or more of the eight shakes as satisfactory were recruited. All study procedures were approved by appropriate Human Research Committees in each country.
Experimental design
The study was an 8 week, parallel-group, intervention where participants received no dietary guidance except that they were required to consume a shake daily. The intervention was preceded by a 1 week baseline period. There were four treatment groups (1) Peanut oil; n ¼ 32; (2) Olive oil; n ¼ 32; (3) Safflower oil; n ¼ 33; and (4) No-oil control group; n ¼ 32. Treatments were randomized across participants within each country. The olive oil and safflower oil treatments provided comparable oleic and linoleic acid content to peanut oil; 45 and 32% (by weight) respectively. The amount of energy from oil in the load was approximately 30% of each individual's resting energy expenditure. Resting energy expenditure was measured at baseline. Active treatment participants received a mean of 5277.2 g/day as peanut, olive or safflower oil for 8 weeks. Participants reported to the lab everyday for 8 weeks between 0900 and 1800 for consumption of the experimental shake. They were allowed to take shakes with them over the weekend or on occasions when they could not report to the laboratory. Shake palatability was monitored over the study to ensure only acceptable flavors were provided.
Intervention load
The treatment oils were blended with skim milk and fruit or a flavoring. The food items used in the study were as follows: Equal (Manteno IL, US) Pineapple (Dole Packaged Food Cooperation, West Lake Village, CA) Chocolate (Nestle, 14 Participants were asked to refrain from strenuous activity, alcohol and caffeine 24 h prior to assessment days. After a 12 h fast, participants arrived in the laboratory and rested for at least 10 min on a hospital bed. REE measurements were performed in the supine position for approximately 30-45 min. Readings for the last 20-30 min were averaged as an estimate of REE. After the REE measurement, participants consumed an experimental shake. The load that received the highest palatability rating during screening was administered during both test sessions. Following consumption of the experimental shake, TEF was measured at 15 min intervals for 5 h. Participants were required to stay awake and refrain from unnecessary bodily movements throughout the measurement period.
Appetitive ratings
Hunger ratings were recorded on a 9-point categorical scale with 1 ¼ not at all hungry and 9 ¼ extremely hungry. Desire to eat, fullness, and thirst were rated on comparable scales. Appetite logs were completed every hour from the time participants awoke until sleep. Appetite logs were completed on three days along with the diet records at weeks 0, 4, and 8. One set of appetite logs was completed on weeks 2 and 6.
Statistics Treatment effects were tested by repeated measures analysis of variance (ANOVA). Reliability of subjective questionnaires was tested using Cronbach's alpha. Statistical analyses were performed with the SPSS software package, release 11.5 (SPSS Inc. Chicago, IL). Dietary Compensation across the intervention was calculated using the following equation. 
Results
Mean daily hunger, fullness and desire to eat ratings at weeks 0, 2, 4, 6, and 8 are shown in Figure 1 . Hunger and desire to eat ratings did not differ significantly at any time point over the intervention and no significant differences were detected between treatment groups. Mean ratings of fullness were significantly higher at week 6 (5.170.13) and week 8 (5.070.13) compared to week 2 (4.770.12) (F ¼ 3.480, Po0.008). There was no treatment effect on ratings of fullness. Appetitive ratings did not differ between the countries or by gender. Mean daily energy intake (kilocalories), at weeks 0, 4, and 8 is shown in Figure 2a . Intake at weeks 4 and 8 was significantly greater than intake at baseline (F ¼ 10.5, Po0.01). There was no significant treatment effect or a treatment by time interaction. Fat intake at week 4 and week Effects of peanut oil consumption SS Iyer et al 8 was significantly higher than intake at baseline in all treatments except control (F ¼ 39.19, Po0.01) (Figure 2b ). Protein and carbohydrate intake did not differ significantly across the intervention. Discretionary energy intake, at weeks 0, 4, and 8 is shown in Figure 3a . Energy intake at week 4 and week 8 was significantly lower than intake at baseline in all treatments except control (F ¼ 4.07, Po0.001). Discretionary energy intake with the peanut oil treatment decreased from 19867108 kcal at baseline to 17727113 kcal at week 4 and 17777126 kcal at week 8. This represented a compensation of 47 and 46% at weeks 4 and 8, respectively. Energy intake with the olive oil treatment decreased from 22047108 kcal at baseline to 18377112 kcal at week 4 and 19687126 kcal at week 8. The corresponding compensation scores were 74 and 50%. Energy intake in the safflower oil treatment decreased from 18927104 kcal at baseline to 14987109 kcal at week 4 and 17067122 kcal at week 8. This represented a compensation for 87 and 44% of the safflower energy load at weeks 4 and 8, respectively.
Participants in all three treatment groups significantly reduced habitual fat intake (Figure 3b ) at weeks 4 and 8 by an average of 2373 and 2572 g, respectively compared to baseline (F ¼ 44.8; Po0.001). Fat intake declined from 7375 g at baseline to 5076 g at week 4 and to 4976 g at week 8 in the peanut oil treatment group. Fat intake in the olive oil treatment group decreased from 8375 g at baseline to 5176 g at week 4 and to 5876 g at week 8. Fat intake decreased from 7175 g at baseline to 5076 g at week 4 and to 3276 g at week 8 in the safflower oil group. Fat intake of participants in the control group increased from 6475 g at baseline to 6876 g at week 4 and 7076 g at week 8.
There was a significant change in dietary fatty acid composition (Figure 4 ) in the three treatment groups across the intervention (Po0.01). MUFA and PUFA intakes were significantly higher in the intervention groups (Po0.001) compared to the control group. Participants in the olive oil Effects of peanut oil consumption SS Iyer et al group had significantly higher intake of MUFA than the other three groups (Po0.01). MUFA intake in the peanut oil group was significantly higher than in the safflower (Po0.003) and control groups (Po0.001) and was significantly lower than in the olive oil group (Po0.003). Safflower oil consumption led to a significantly higher PUFA intake than the other interventions (Po0.001). PUFA intake was significantly higher in the peanut (Po0.00) and safflower oil (Po0.17) intervention groups compared to the control group. There were no significant differences between the three intervention groups with respect to SFA intake.
Discussion
Accumulating evidence demonstrates that whole peanuts hold strong satiety properties and have limited impact on body weight. In a 6-month intervention trial, 5 25 hypercholesterolemic, post-menopausal women incorporated high-oleic cultivar peanuts into a low total fat, highmonounsaturated fat (LFMR) diet (27% energy from fat; 14% from MUFA). A cohort following a self-selected low fat diet (LF) served as controls. The LFMR diet group received prepackaged daily rations of dry roasted peanuts individualized to their energy requirements. Although both diets were designed to maintain weight, the LFMR group lost approximately 2.1 kg, as a consequence of decreasing discretionary energy intake, while the LF group maintained their weight. In another study, incorporation of peanuts into the habitual diets of free-living subjects for 8 weeks led to markedly lower Effects of peanut oil consumption SS Iyer et al than predicted weight gain. 8 This was attributed to a combination of high-satiety value and inefficient use of energy from peanuts. In another arm of the same study, addition of peanuts to the customary diet prompted comments about the high-satiety value of the nuts. Finally, evidence indicates a diet, moderate in fat that includes nuts and olive oil improves compliance to a weight loss/weight control regimen.
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The components of peanuts accounting for their highsatiety value have not been identified. One candidate is its fatty acid profile. It has been argued that dietary fat elicits a weak satiety response compared to protein and carbohydrate. [16] [17] [18] However, fatty acid chain length and saturation are hypothesized to influence appetite through their differential rates of oxidation. 19 Fatty acid oxidation rates follow a hierarchy where MUFA4PUFA4SFA. 12, 13 Several acute feeding studies and one long term study have investigated the effect of saturation on indices of appetite in humans. A gastric infusion trial noted no effect of fatty acid on appetite, but a significant reduction of food intake with a linoleic acid infusion compared to oleic acid, stearic acid, or saline infusions. 20 A second trial manipulated fatty acid type in a lunch meal and monitored energy intake and appetite through the rest of the day. Subjects consumed significantly more energy after consuming the lunch meal containing oleic acid blend than after the lunches containing linoleic and stearic-oleic acid blends respectively. However, in a replication of the study, the effects of these fatty acids on intake were not significantly different. 21 Participants consumed significantly more energy in the first trial when provided the oleic acid, but no differences of intake were noted in the replication trial. A third trial 22 compared the effects of muffin preloads rich in peanut oil or canola oil (both high in MUFA) with muffins rich in butter (rich in SFA). No differential satiety effects of the fat sources were observed. A trial documenting the longer-term effect (2-weeks) of eating diets containing fatty acids of varying saturation on appetite and energy intake reported higher satiety scores on an oleic acid diet (62.5719.2 mm) compared to a linoleic acid diet (46.1724.7). Energy intake did not differ between treatments. 23 Thus, while evidence that fatty acids are not oxidized equally is strong; their differential effects on satiety and energy intake are not substantiated in humans. In line with existing literature, data from our study do not support a differential effect of diets containing peanut, olive or safflower oil on appetitive indices. We observed no change in hunger, desire to eat, or fullness across the intervention. These findings may be due to a true lack of effect of the tested fats or to insensitivity of the appetite assessment methods. The observed dietary compensation scores suggest that the tested fats do elicit behavioral responses. Compensation scores at week 4 were 47, 74 and 87% for peanut, olive and safflower oil treatments respectively. The corresponding values at week 8 were 46, 50, and 43%. The basis of the initially stronger compensation for the olive and safflower oil treatments is not clear, there were no differences in reported appetitive sensations. This level of compensation is lower than previously reported with whole peanuts and tree nuts. 8 This suggests that while the fat content contributes to compensation, other factors are also involved. The non-fat fraction of peanuts may potentiate their satiety inducing effects. Strong data indicate protein, due to its high metabolic cost, enhances satiety. 24 By delaying gastrointestinal clearance and/or bulking, fiber enhances satiety. 25 Magnesium, potassium, phosphorous and zinc are suggested thermogenic agents that could contribute satiety cues. 26 Whole peanuts are rich in protein, fiber and the abovementioned micronutrients. Peanut oil is not a source of these components so may lack the satiety value of whole peanuts. In addition, it has been documented that humans compensate more readily for a solid challenge over a liquid one. 15 Therefore, rheology becomes an important variable when comparing whole peanuts to peanut oil. Incorporating whole peanuts and peanut oil into meals controlled for rheology and macronutrient composition will provide a more realistic comparison of the role of peanut oil on appetite.
The treatment oils were administered as a percentage of individual REE, thus posing a comparable challenge to each participant and giving equal opportunity for dietary compensation. Experimental data and dietary information from free-living humans, document that people can consume up to 150 g of fat in a single meal. 27 The dietary fat challenge in the present intervention ranged from 30 to 80 g. Therefore, it may not be considered extreme. Participants across all treatment groups significantly decreased (albeit, not precisely) habitual energy intake. This is consistent with a physiological sensitivity to the fat ingestion, but not to fatty acid source or saturation. [20] [21] [22] [23] A greater reduction of self-selected fat intake was noted with the safflower oil treatment. We can only speculate on an explanation. Safflower oil is a rich source of PUFA while the peanut and olive oils have higher MUFA content. The effect of fat composition on taste perception and fat specific satiety is not well characterized in humans. 28 Sensitivity to linoleic acid is associated with lower preference for fat in rats. 29 Whether this is altered through dietary experience is not known, but there is suggestive evidence in humans. 30 One trial in humans noted that sensitivity to linoleic acid, but not oleic acid, is associated with lower self-selected fat intake when assessed in a single meal, but not over a day. 23 No affect was observed on energy intake. There is evidence that linoleic acid induces a greater CCK release compared to oleic acid, 31 but this would be expected to reduce total energy intake rather than fat alone. Finally, the Food and Drug Administration has approved a qualified health claim for nuts suggesting consumption of up to 1.5 ounces per day may be healthful and the Dietary Approaches to Stop Hypertension eating plan recommends the inclusion of 4-5 servings/week of nuts, seeds and dry beans. 32 The present findings do not challenge these Effects of peanut oil consumption SS Iyer et al recommendations. Both refer to whole nuts where other constituents, such as fiber and protein, contribute to reductions of cardiovascular disk risk and appetite moderation. 33 In addition, the current challenge of 620 kcal/day as peanut oil markedly exceeds the energy level of the recommended portions. Given other evidence of beneficial health effects of unsaturated oils, determination of the compensatory dietary response to regular consumption of smaller amounts of nut, peanut, oil warrants further evaluation.
